Many decays of light baryons consisting of light u, d, s quarks have been measured, and these decays could be used to test the approach with SU(3) flavor symmerty. We study two-body nonleptonic weak decays of light baryon octet (T8) and baryon decuplet (T10) by the topological diagram approach in this work. For T10 → T8P8 (P8 is the light pseudoscalar meson octet) decays, we find that all relevant not-yet-measured branching ratios have been predicted by using three experimental data of B(Ω − → Ξ 0 π − , Ξ − π 0 , Λ 0 K − ). For T10 → T 10 P8 decays, we obtain the decay amplitudes and the amplitude relations by both the topological diagram approach and the SU(3) irreducible representation approach, and get B(Ξ * 0 → Σ * + π − ) < 2.1 × 10 −15 and B(Ξ * − → Σ * 0 π − ) < 1.5 × 10 −15 by the 90% CL experimental upper limit of B(Ω − → Ξ * 0 π − ). T8 → T 8 P8 decays are quite complex, and we find that W-exchange diagrams give large and even dominant contributions by using the experimental data and the isospin relations.
I. INTRODUCTION
Many two-body nonleptonic weak decays of the octet and decuplet baryons (such as Σ + → pπ 0 , Σ + → nπ + , Σ − → nπ − , Λ 0 → pπ − , Λ 0 → nπ 0 , Ξ − → Λ 0 π − , Ξ 0 → Λ 0 π 0 , Ω − → Ξ 0 π − , Ξ − π 0 , Λ 0 K − ) were measured a long time ago by SPEC, HBC, OSPK etc [1] . Now the sensitivity for measurements of Λ, Σ, Ξ, Ω hyperon decays is in the range of 10 −5 − 10 −8 at the BESIII [2] [3] [4] [5] , and these hyperons are also produced copiously at the LHCb experiment [6, 7] .
The precise measurements from the BESIII and LHCb experiments will confirm the earlier experimental data from SPEC, HBC, OSPK etc, and will give new information about determining the V-A structure and quark-flavor mixing [8] [9] [10] as well as probing the non-standard charged current interactions [11, 12] .
In the theoretical side, the heavy quark expansion can not be used in the light baryons decays, so the factorization does not work well. There is no reliable method to calculate these decay matrix elements at present. In the lack of reliable calculations, some model-independent approaches can provide very useful information about the decays, such as SU(3)/U(3) flavor symmetry (see for instance Refs. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] ) and flavor topological diagram approach (TPA) ( see for instance Refs. [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] . These approaches are independent of the detailed dynamics, and offer an opportunity to relate different decay modes. The decay matrix elements are directly extracted from the experimental data, despite of their unclear sources. In the TPA, decay amplitudes are represented by connecting quark line flows in different ways and then relate them by the SU(3) symmetry. Therefore, the TPA gives a better understanding of dynamics in the different amplitudes.
In this paper, we will use the TPA to study T 10 → T 8 M 8 , T 10 → T 10 M 8 and T 8 → T 8 M 8 two-body nonleptonic arXiv:2001.06907v1 [hep-ph] 19 Jan 2020
Two-body nonleptonic weak decays T 8,10 → T 8,10 M 8 with M 8 = P 8 , V 8 are induced by s → uūd transition. As shown in Fig. 1 , there are two kinds of diagrams for s-quark weak decay in the SM, the tree level diagram in Fig.   1 (a) and the penguin diagram in Fig. 1 (b) . The effective Hamiltonian for nonleptonic s → uūd process at scales µ < m c can be written as [45] 
where V uq is the CKM matrix element, z i (µ) and y i (µ) are Wilson coefficients, and Q i is four-quark operators. We [1] , and then redefine the
M S in the NDR scheme are [45] C 1 = −0.625, C 2 = 1.361, C 3 = 0.023, C 4 = −0.058, C 5 = 0.009, C 6 = −0.059, C 7 /α e = 0.021, C 8 /α e = 0.027, C 9 /α e = 0.036, C 10 /α e = −0.015. The four-quark operators Q i are
where Q 1,2 are current-current operators corresponding to Fig. 1 (a and quite small CKM factor, and their contributions can be safely ignored in these decays if one do not consider the information of CP violation.
The branching ratios of the T A → T B M C two-body decays can be written in terms of the decay amplitudes
where
, S = 1 for T A = T 8 , and S = 1/2 for T A = T 10 . For more accurate results, we will consider the mass difference in the amplitudes [46] A
with N A = √ 2m A and N B = ((m A + m B ) 2 − m 2 P )/(2m A ), and the amplitudes of A(T A → T B M C ) for different decay processes are given in next section. 
III. Results and discussions
In this section, we only give the concrete amplitudes of T 8,10 → T [47, 48] , the W-exchange contribution is strongly suppressed since the contraction of the flavor antisymmetric current-current operator with a flavor symmetric final state configuration is zero, furthermore, we find that almost processes are not allowed by the phase spaces. So we will only give the detail analysis for T 10 → T 8 P 8 , T 10 → T 10 P 8 and T 8 → T 8 P 8 weak decays. In addition, the theoretical input parameters and the experimental data within the 1σ error from Particle Data Group [1] will be used in our numerical results.
A. T 10 → T 8 M 8 weak decays
Topological diagrams for T 10 → T 8 M 8 decays are displayed in Fig. 2 , and the TPA amplitudes of
where H kl mn ≡ V mn V * kl containing the CKM factors. The TPA amplitudes for T 10 → T 8 P decays are given in Tab. I. Noted thatf i terms in 
[28] with the TPA amplitudes in Tab. I, we have the following relations
From Eq. (11) one can see that the parametersĜ 2 ,D 1 +Ê 1 ,D 2 andÊ 2 terms in TPA amplitudes are related tob 2 orc 1,2,3 terms in IRA amplitudes, which only appear in the Wilson coefficient suppressed C + term, so we will neglect their contributions in following numerical analysis. Finally, the TPA amplitudes of relevant T 10 → T 8 P decays can be reparameterized byÂ 
· · · · · · 6.14 ± 1.31
· · · · · · 3.84 ± 2.41 † For T 10 → T 10 M 8 decays, their amplitudes are simple since both initial state T 10 and final state T 10 are all fully symmetric in flavor space. The TPA amplitudes of T 10 → T 10 M 8 decays are
And the TPA amplitudes for T 10 → T 10 P 8 decays are given in Tab. III. Since the SU(3) IRA amplitudes of T 10 → T 10 M 8 decays have not been calculated in Ref. [28] , we give them in this paper. The IRA amplitudes of T 10 → T 10 M 8 decays are
And the concrete amplitudes for T 10 → T 10 P 8 decays are given in Tab. IV. We find that the TPA and the IRA match consistently in T 10 → T 10 M 8 decays, and the relations between the two sets of amplitudes arë a +ë =ǎ +β, 2ä −ä =ǎ +b, 2b +f =ǧ,
From the Tab. III, we have the following amplitude relations
In Refs. [47, 48] , the W-exchange contribution in T 10 → T 10 M 8 decays is strongly suppressed since the contraction of the flavor antisymmetric current-current operator with a flavor symmetric final state configuration is zero. So we can safely ignore the W-exchange diagrams and the small penguin diagram contributions in T 10 → T 10 M 8 decays, and then we have very simple relations
From Eq. (17) 
From the experimental upper limit B(Ω − → Ξ * 0 π − ) < 7 × 10 −5 at 90% CL [1] , considering the 1σ error of relevant input parameters, we obtain that (20) we give the redefinitions
where X = A, B, Σ, Λ corresponding toã i ,b i ,σ i ,λ i , respectively, and
with small penguin amplitudes, there still are 20 parameters. Since the parameters are too much, it's difficult for us to find many relations between different decay amplitudes. And there is only one relation for the decay amplitudes
in which includes the tree diagram, W-exchange diagram and the penguin diagram amplitudes.
Many 
15.24
B(Λ 0 → pπ − ) = (63.9 ± 0.5) × 10 −2 ,
For Σ 0 → pπ − , nπ 0 decays, which have not been measured yet, we may get the branching ratios in terms of the isospin relations [28] B(Σ 0 → pπ − ) = (4.82 ± 0.50) × 10 −10 ,
These measured branching ratios and obtained branching ratios from the isospin relations will help us to understand decay amplitudes of the tree diagrams and W-exchange diagrams. Using the central values in Eqs. (24) (25) and the relation between the branching ratio and the moduli of the decay amplitudes in Eq. (8), one can backward obtain the ratios between the different moduli of decay amplitudes, which are given in the last column of Tab. V. Noted that we obtain the ratio by using |A(Σ − → nπ − )| as a unit, in which we including the coefficients in front of the amplitudes in the fist column of Tab. V. For an example, in the second line and the last column of Tab. V, and the ratio 2.02 is obtained by using
. After ignoring the penguin contributions since they are small, we have the following remarks for Tab. V.
• As shown in the third line, there is no tree diagram contribution to Σ + → nπ + decay, nevertheless |A(Σ + → nπ + )| may compare with others. So the W-exchange contributions can be as large as some tree diagram contributions.
• For the tree diagram amplitudes shown in Fig. 2 (a-b) , A i ∝ C 2 + C 1 /N C ≈ 1.153 and B i ∝ C 1 + C 2 /N C ≈ −0.171, i.e., B i are suppressed by the color-flavor factor. Comparing √ 6|A(Λ 0 → pπ − )| with 2 √ 3|A(Λ 0 → nπ 0 )| or comparing √ 6|A(Ξ − → Λ 0 π − )| with 2 √ 3|A(Ξ 0 → Λ 0 π 0 )|, the formers included A i are smaller than the latter included B i , so the W-exchange diagrams give large and even dominant contribution to relavant decay amplitudes.
IV. SUMMARY
In this work, we have analyzed the two-body nonleptonic decays of light baryon octet and decuplet by using the topological diagram approach to test the SU(3) flavor symmetry. Comparing with the IRA, the TPA is more intuitive and gives a better understanding of dynamics. Our main results can be summarized as follows:
• T 10 → T 8 P 8 : The TPA and the IRA can match in T 10 → T 8 P 8 weak decays. We can predict all relevant decay branching ratios by using the TPA and also with the help of the IRA. Nevertheless, all branching ratios of relevant Ξ * 0,− and Σ * − decays are very small since their lifetimes are small.
• T 10 → T 10 P 8 : We can obtain some amplitude relations and the ratios of the branching ratios by using the TPA and the SU(3) IRA, and then we obtain that B(Ξ * 0 → Σ * + π − ) < 2.1×10 −15 and B(Ξ * − → Σ * 0 π − ) < 1.5×10 −15 by using the experimental upper limit of B(Ω − → Ξ * 0 π − ).
• T 8 → T 8 P 8 : Since both initial state T 8 and final state T 8 are all not fully symmetric or antisymmetric in flavor space, these decays are quite complex in the theory. Using some experiential branching ratios and other branching ratios obtained from the isospin relations, we analyze the contribution size of the tree diagrams and the W-exchange diagrams, and we find that the W-exchange diagrams give large and even dominant contribution to some decays.
All results in this work can be used to test the TPA in two-body nonleptonic decays of light baryons by BESIII, LHCb and the future experiments.
